Résumé: La vélocité du flux dans la carotide primitive est associée à la cognition chez les adultes plus âgés. Objectifs : le but de l'étude était de déterminer quelle est la relation entre la vélocité du flux carotidien et le déficit cognitif chez des patients atteints de maladie carotidienne de légère à modérée (< 50%). Méthode : Nous avons étudié 407 patients dont l'échographie carotidienne et l'évaluation cognitive étaient disponibles. Nous avons étudié la relation entre le pic systolique de vélocité (PSv) du flux sanguin et la vélocité en fin de diastole (vFD) au niveau de la carotide interne (Ci) et de la carotide primitive (CP) ainsi que l'épaisseur intima-média (Eim) et le résultat du mini mental State Examination (mmSE), du test de la montre (Tm), de l'échelle des activités de la vie quotidienne (avQ) et de l'évaluation cognitive de montréal (moCa). Résultats : la vFD au niveau de la CP était significativement différente entre le groupe qui avait des scores plus élevés et celui qui avait des scores plus bas au moCa (mmSE). l'analyse de régression multiple a montré qu'une vFD plus basse était associée significativement à un score plus bas au moCa (+ 0,459 par ET, p < 0,01 pour la gauche ; + 0,539 par ET, p < 0,01 pour la droite) et au Tm (RC 0,093, p < 0,05 pour la gauche ; RC 0,120 , p < 0,01 pour la droite). le PSv de la CP gauche (-0,205 par ET, p < 0,05) et l'Eim (+42,536 par ET, p < 0,001) étaient associés aux avQ. le PSv de la CP droite était associé au mmSE (+ 0,081 par ET; p < 0,001). Nous n'avons observé aucune relation significative entre la vélocité du flux au niveau de la Ci et la performance cognitive. Conclusions : Selon nos données préliminaires, la vélocité du flux sanguin dans la carotide primitive serait associée à la performance cognitive. Can J Neurol Sci. 2012; 39: 502-507 common carotid Flow Velocity is Associated with cognition in Older Adults Guo-Xiang Fu, Ya Miao, Hong Yan, Yuan Zhong From the Department of Gerontology, Shanghai Jiao Tong University affiliated sixth people's Hospital, Shanghai, PR China.
While stroke is a known cause of a cognitive impairment, the relationship between a carotid artery stenosis and cognitive function in individuals without a history of stroke is less clear. a number of risk factors for vascular disease are related to cognitive impairment. Hypertension, diabetes mellitus, cigarette smoking, and dyslipidemia are also associated with an increased risk of carotid artery disease [1] [2] [3] [4] [5] [6] . Some studies have suggested that a stenosis of the internal carotid artery may be an independent risk factor for cognitive impairment 7 . a high-grade stenosis of the internal carotid artery may be associated with cognitive impairment even without evidence of infarction on magnetic resonance imaging 8 . on the other hand, it is fairly common that patients display a normal cognition despite severe carotid artery disease, highlighting the important role of an efficient collateral blood supply. Previous study found that individuals with higher grade carotid stenosis on the left (lCS) and total carotid stenosis (TCS) were less likely to demonstrate lowered cognitive performance suggesting that carotid stenosis is not detrimental to AbstRAct: Aims: To assess the relationship between carotid flow velocity and cognitive impairment in patients with mild-moderate (<50%) carotid artery disease. Methods: We studied 407 participants with available carotid ultrasound and cognitive measures. We related peak systolic velocity (PSv) and end diastolic velocity（EDv) of internal carotid artery (iCa) and common carotid artery (CCa) and intimal medial thickness (imT) to mini mental State Examination (mmSE), Clock Draw Test (CDT), activities of Daily living Scale (aDl)and montreal Cognitive assessment (moCa). Results: EDv of CCa was significantly different in higher and lower moCa (mmSE) groups. multiple regression analysis demonstrated that lower EDv was significantly associated with lower moCa (+0.459 per standard deviation (SD), p＜0. 01 for the left; +0.539 per SD, p＜0. 01 for the right) and CDT (odds ratio (oR) 0.093, p＜ 0. 05 for the left; oR) 0.120, p＜0. 01 for the right) scores. PSv of left CCa (-0.205 per SD, p＜0. 05) and imT (+42.536 per SD, p＜ 0.001) were associated with aDl. PSv of right CCa was associated with mmSE (+0.081 per SD, p＜0.001). No significant relationship between iCa flow velocity and cognitive performance was observed. Conclusions: our preliminary data show that common carotid artery flow velocity was associated with cognitive performance.
methODs study sample
The study was initiated in 2009 as a prospective intervention study of elderly Chinese people with carotid artery disease for the purpose of determining how to prevent dementia. approximately every month, participants visit the Department of Gerontology on aging in Shanghai Jiao Tong University affiliated sixth people's Hospital for medical, psychological, and cognitive testing. a total of 466 participants were available for the present study. We excluded participants with carotid artery ≥ 50% stenosis (n=14), congestive heart failure (n=12), peripheral arterial disease (n=10), carotid endarterectomy (n=0), history of clinical stroke (n=16)，and other neurological diseases (n=7) across all assessment visits. Following exclusions, 407 participants were available for analyses. The human ethics boards of Jiao Tong University approved the study, and subjects provided written informed consent before study participation.
carotid ultrasound
The Sequoia (acuson C256, USa), combining a highresolution real-time 7.5-mHz b mode imaging system for morphological investigation and a pulsed-wave Doppler spectrum analyzer for carotid flow detection, was employed in this study. Direct visualization and Doppler flow analysis of internal and common carotid arteries was performed with longitudinal (anterioposterior, posterioanterior and lateral) and transverse views. Duplex measurements were made for peak systolic velocity (PSv), end-diastolic velocity (EDv). as carotid artery ≥ 50% stenosis defined by peak-systolic velocities ≥150 cm/s can alter hemodynamics, only patients with carotid stenosis ＜50% were enrolled.
For carotid intimal medial thickness (imT), a region 1.5cm proximal to the carotid bifurcation was identified, and the imT of the far arterial wall was evaluated as the distance between the lumen/intimal interface and the medial/adventitial interface. Specific care was taken to measure imT in areas devoid of plaque. The imT was measured on a frozen-frame image, magnified to achieve higher resolution of detail. The imT measurement was obtained from five contiguous sites at approximately 1 mm intervals; the mean of these values was used in statistical analyses.
cognitive measures
The mini mental State Examination (mmSE) is one of the most commonly used cognitive screening measures because it is quick and easy to administer 14, 15 . The mmSE includes specific questions related to attention, orientation, memory, calculation, visuspatial construction and language. The measure's scoring is based on 30 total points, and impairment is indicated by a score of 24 or lower. While this measure is often used to screen for memory function, it has a number of psychometric limitations, such as few executive function items. While the mmSE has good specificity (96%), the sensitivity is poor (64%), suggesting that cognitive changes remain undetected in a number of individuals 16 . The montreal Cognitive assessment (moCa) is a cognitive screening tool with high sensitivity and specificity for the detection of mild cognitive impairment 17 . it is a brief 30- covariates Total cholesterol (TC), high-density lipoprotein cholesterol (HDl-C), low-density lipoprotein cholesterol (lDl-C), lipoprotein (a) (lpa) and triglyceride (TG) were determined enzymatically (aba-200aTC biochromatic analyzer; abbott laboratories, irving, TX). Resting brachial systolic and diastolic blood pressure (SbP, DbP) values were obtained three times bilaterally with participants in the seated position following a five minute resting period. The SbP and DbP were defined by Korotkoff Phases i and v, respectively. mean arterial pressure (maP) was calculated as maP = (2*DbP+SbP)/3, using the mean of the second and third blood pressure measurements.
Data Analyses
The subjects were divided into two groups, one with higher cognitive function, defined as having an mmSE score of 24 or more (moCa score of 26 or more), and one with lower cognitive function, defined as having an mmSE score of 23 or less (moCa score of 25 or less) 20, 21 . The groups were compared with respect to each factor by the Student's t-test for continuous variables or a χ2-test for categorical variables. Single regression analysis and mixed-effects regression analyses (forward stepwise) were used to determine the associations of carotid artery flow velocity and cognitive performance after adjusting for age, smoking and depressive symptoms. age, smoking and depressive symptoms adjustment was used because they were the only significantly different variables between groups. all statistical procedures were performed with SPSS 17.0 for Windows (SPSS inc., Chicago, il).
ResuLts
baseline demographic data for the study participants are shown in Table 1 . The average age in the higher mmSE (moCa) score group was 71.6±4.6 (71.2±4.3) and that in the lower mmSE (moCa) score group was 72.7±5.1 (72.9±5.0). The average PSv and EDv levels in the higher mmSE score group were 74.3±20.4 cm/sec versus 50.4±12.1 cm/sec and that in the lower mmSE score group were 14.9±5.1 cm/sec versus 10.5±3.3 cm/sec, respectively. The average PSv and EDv levels in the higher moCa score group were 75.0±21.1 cm/sec versus 59.3±17.3 cm/sec and that in the lower moCa score group were 16.1±4.6 cm/sec versus 10.2±2.5 cm/sec, respectively. analysis by Student's t-test or χ2-test showed that age, depression and smoking habit were significantly different between the two groups of patients. Comparisons between higher and lower mmSE (moCa) groups showed significant differences in EDv. The EDv levels were higher in the higher mmSE (moCa) score group than the ones in the lower mmSE (moCa) score group. The PSv was different in higher and lower mmSE groups, but did not reach statistical significance in the higher and lower moCa score group (Table 1) .
The PSv and EDv of bilateral common carotid artery (CCa) were both related to mmSE and CDT. Participants with lower PSv and EDv level had a lower mmSE and CDT score. lower EDv level of bilateral CCa was also related to lower moCa score (p＜0.01). lipoprotein (a) (lpa) was inversely related to aDl and CDT. (Table 2 ). When using the full multivariable adjusted model, lower EDv of bilateral CCa remained significant with lower moCa (+0.459 per SD, p＜0.01 for the left; +0.539 per SD, p＜0. 01 for the right ) and CDT (oR 0.093, p＜0. 05 for the left; oR 0.120, p＜0. 01 for the right) score. We observed that CCa imT was significantly associated with lower aDl score (42.536 per SD± SE 6.602, p＜0.001). The PSv of lPSv: peak-systolic velocity of left CCa; RPSv: peak-systolic velocity of right CCa; EDv: end diastolic velocity; CCa: common carotid artery. lpa: lipoprotein (a); CaD: Cardiovascular. mmSE: mini mental State Examination. bmi: body mass index. SbP: systolic blood Pressure. DbP: diastolic blood pressure. Higher (mmSE): the group with higher mmSE scores (24 or more), lower (mmSE): the group with lower mmSE scores (23 or less). Higher (moCa): the group with higher mmSE scores (26 or more), lower (moCa): the group with lower moCa scores (25 or less). Table 3) . Unlike for common carotid artery flow velocity, no significant relationship between internal carotid artery flow velocity and cognitive performance was observed (data not shown).
DIscussION
Recent population-based studies have suggested that asymptomatic carotid atherosclerosis is related to poorer neuropsychological performance even with mild degrees of stenosis 1, 2 .
The measurement of carotid diameter and flow velocity may be inaccurate in patients with severe carotid atherosclerosis when a stenosis alters blood volume. in our study, carotid artery≥ 50% stenosis participants were excluded. We found that lower EDv of bilateral CCa was significantly associated with lower moCa scores and CDT scores.
Some studies have demonstrated that CCa shear stress decreased with age, blood pressure, and body mass index and was associated with CCa intima-media thickness independently of other hemodynamic, clinical, or biochemical factors 22 . Few studies have focused on the relationship between Doppler parameters and cognitive performance. Urabe et al pointed out that the EDv of CCa was markedly lower and resistance index was significantly higher in patients with embolic middle cerebral artery (mCa) infarcts than in patients with thrombotic mCa infarct 23 . bai et al's study showed that lower blood flow velocity is associated with ischemic stroke independently of carotid atherosclerosis and cardiovascular risk factors 24 . End-diastolic velocity increase predicts recanalization and neurological improvement in patients with ischemic stroke with proximal arterial occlusions receiving reperfusion therapies, which was associated with cognitive impairment 25 . another study reported that EDv below 16 cm/sec was a significant single predictor of ischemic stroke and recurrent ischemic stroke events 26 . Several studies reported ethnic differences in the location of lesions in cerebrovascular occlusive disease [27] [28] [29] and in large artery stiffening 30 . asian stroke patients are more likely to have higher prevalence of intracranial vessel stenosis than extracranial carotid disease 31 . in our study, the EDv was below 16 cm/sec, suggesting our population is more likely to have higher prevalence of intracranial vessel stenosis and ischemic stroke. a lower EDv and higher Ri may be considered signs of aging 12, [32] [33] [34] . vascular aging is thought to be associated with structural and functional alterations, including intima-media thickening, arterial enlargement, and deterioration of elastic wall properties with vascular stiffening 35 . our findings, however, cannot be solely explained by age, because we adjusted for age in our analyses. a previous study reported that the measures of right internal carotid artery (iCa) flow volume and mmSE scores were significantly lower in patients with dementia, suggesting the right iCa flow volume may be related to mmSE scores 36 . Similar to the results, we found that PSv of right CCa was significantly associated with mmSE, while PSv of left CCa was inversely related to aDl. This difference may be due to the different predominance of testing and cognitive domains. mmSE, driven by language (a left-sided brain function), would be more affected by PSv of right CCa, while aDl driven by executive function (a right-sided brain function), would be more affected by PSv of left CCa.
intimal medial thickness has been considered a subclinical marker of early atherosclerosis. our data is supportive of findings in previous studies such as the CHS 2 , which found increased CCa imT was associated with lower cognitive performance, but no difference was found between the left and right sides. Similar to the results in the CHS cohort, we found that CCa imT was significantly associated with lower activities of daily living scale score. We did not observe a different relation between left and right-sided measures and cognitive performance.
atherothrombotic stenosis originating in the iCa is a common cause of ischemic stroke in the carotid territory, and the risk of stroke increases with the severity of carotid stenosis 37 . on the other hand, it is also well recognized that the simple presence of carotid stenosis does not predict the presence or degree of 40 . in our study, no significant relationship between internal carotid artery flow velocity and cognitive performance was observed. That may be due to the exclusion of high-grade carotid stenosis (＞ 50%) patients Some limitations should be considered in the present case. First, the present study was performed with cross-sectional design. The patients are being followed longitudinally, and a follow-up analysis will be reported in the future. Second, the study recruited patients with relatively mild carotid stenosis status. individuals who had history of clinical stroke, angioplasty or high-grade carotid stenosis (≥50%) were not accepted into the study, and this group of older patients therefore did not represent the general population with respect to their vascular health. Third, the present study did not include brain imaging. We excluded only the participants with history of clinical stroke. an analysis of subjects who underwent brain magnetic resonance imaging (mRi) was recently reported elsewhere and revealed that cognitive decline in carotid artery atherosclerosis was associated with silent cerebral infarcts (SCi) 41 . However, the relationship between the present results and the results of mRi analysis requires further investigation. variables mediating or moderating the relation between carotid flow velocity and accelerated cognitive decline also necessitate further examination.
cONcLusION
We found that lower blood flow velocity (particularly EDv) of common carotid artery was significantly associated with lower cognitive performance. The precise underlying mechanism explaining the relationship between carotid atherosclerosis and cognitive performance in our study is unclear, but our data suggest that common carotid flow velocity may be a better marker for cognitive impairment than carotid atherosclerosis markers such as CCa-imT. Therefore, we believe that these data could prove to be useful in the evaluation of cognitive decline in patients with carotid artery disease. Future research should continue to examine which cognitive domains are particularly related to carotid flow velocity and other sub-clinical vascular disease measures.
